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ABSTRACT 



A one-chip flash-memory device includes a flash-memory 
~arTay;~a"communications~unit~fo a"serial signal" 

applied to the communications unit and for resolving the 
serial signal into an address, a command, and data in parallel 
with each other, and a control unit for controlling rewriting, 
-erasing,-anir^ading operations ofahe flash-memory^array in 
accordance with the address, the command, and the data of 
the serial signal received by the communications unit. 
Rewriting and erasing operations may be performed without 
dismounting the flash-memory from a circuit board. In 
addition, the area of the circuit board on which the flash- 
memory is mounted is advantageously reduced. 

3 Claims, 9 Drawing Sheets 
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SINGLE-CHIP FLASH-MEMORY DEVICE C for receiving and delivering data, an address, and a control 

USING SERIAL COMMAND, ADDRESS, AND signal applied thereto from outside the system SYS. CSl, 

DATA COMM UN CATIONS CS2, . . . , and CSa denote signal lines connected between 

the bus selector BS and the connector C, and CPl, CP2, . , . , 

BACKGROUND OF THE INVENTION s and CPn denote signal lines through which information is 

n I- ij r .1. T read out of the flash-memory by the CPU under normal 

1. Field of the Invention r , ' ^ 

operation of the system. 

The present invention relates to a one-chip flash-memory ^ext, the description wfll be directed to the operation of 

device having a communications funcUon, m which data can ^j^^ ^^^^^^ ^y^^^ st^^ed in the flash-memory chip FMl 

be rewritten into the memory array, or the contents of the altered or the contents of the memory chip are erased, the 

memory array can be erased, as well as read out, by a bus selector BS selects the signal lines CSl, CS2, , . . , and 

veiling, erasing or reading mechanism disposed outside or cSa. Data, an address, and a control signal are supplied to 

inside TKe^flash^memory device- without dismounting-the the-pins-of the-flash-memory-chip-FMl-from-outside_the 

flash-memory device from a system such as a copier or the system by way of the signal lines CSl, CS2, . . . , and CSn 

like. and SI, S2, . . . , and Sa, respectively. 

2. Description of the Prior Art Under normal conditions of the system when data is read 
When it is necessary to rewrite data into a prior art flash flash-memory chip FMl, the bus selector BS 

memory or erase a- data-in-the flash memory,-an electronics selects the sig^ CPn. Then, the 

technician must dismount the memory chip from circuit ^PU (not shown in the figure) reacis out-data^from-the- 

board of a system and then carry it into a service center or ^^^^'^^^^^^^^^^^^P/^l ^^^^^ nT""} ^k"'' 

*u 11 Kfi u k u •** J . • * *u fl u S2, . . . , and Sn and CPl, CP2, . . . , and CPn. In this case, 

the like. After he or she has rewntten data into the flash .u u i . r>c • i * .L a u i.- T-»>fV 

J ^, . . r .1 L - the bus selector BS isolates the flash-memory chip FMl 

memoty or erased the contents of the memory by means of ^^^^^ ^^^^ ^j^^ the signal 

a ROM wnter (or PROM programmer), he or she must ^xizs CSl CS2 and CSn 

mount the memory chip on the circuit board in the system Referring now'to FIG. 9, it iUustrates a block diagram of 
agam. That s because this rewnting and erasing process for ^ ^^^^y^^^ ^^^^^^ ^^^-^^^ flash-memory chip mounted on a 
flash memones follows the process, which was made popu- circuit board for changing, erasing and reading out a data in 
lar before the advent of flash memories, for a memory the ^}^^ fl^sh memory without the use of communications lines, 
contents of which are generally erased by exposure to which was devised by the inventors of the present invention, 
ultraviolet radiation, such as an EPROM or the like. That is, in the figure, reference character FM2 denotes a convcn- 
since the contents of such a memory must be changed or 3q tional flash-memory chip mounted on a circuit board in a 
erased by irradiation with ultraviolet light, the memory chip system. SI, S2, , . . , and Sn denote signal lines connected 
needs to be dismounted from a circuit board in a system for to input/output pins of the flash-memory chip FM2, respec- 
changing or erasing data in Uie memory. The advent of flash tively. BS denotes a bus selector for selectively connecting 
memories did not change the situation in which the same the signal lines SI, S2, . . . , and Sn to either the CPU or the 
rewriting or erasing process as for a memory the contents of 35 buffer BU for buffering parallel data obtained by the serial- 
which are generally erased by exposure to ultraviolet parallel converter SP for converting serial data including 
radiation, such as an EPROM or the like, has been applied serial communications data, i.e., an address, a command, 
to flash memories, as mentioned above. That is, a flash and a data into a parallel data, and for delivering the parallel 
memory chip is dismounted from a circuit board for altering data, the address, and the control signal to the flash-memory, 
or erasing data in the flash memory chip. CSl, CS2, , . . , and CSn denote signal lines connected 
In general, the contents of a flash memory are electricafly between the bus selector BS and the buffer BU. Bl, B2, . . . , 
altered or erased by means of a ROM writer, as previously and Bn denote signal lines connected between the serial- 
mentioned. Therefore, the desire to change or erase the parallel converter SP and the buffer BU, and CPl, CP2, . . ., 
contents of a flash memory built in a circuit board of a and CPn denote signal lines through which information is 
system, such as a copier or the like, without dismounting the 45 read out of the flash-memory FM2 by the CPU under normal 
memory chip from the circuit board has grown. This demand operations of the system. 

is great when it is necessary to change the contents of a flash Next, the description wifl be directed to the operation of 

memory after shipment of a system having a built-in the system. When data stored in the flash-memory chip FM2 

memory to a customer's site. The important chaUenge to is altered or the contents of the memory chip are erased, the 

such rewriting and erasing processes for a flash memory 50 bus seleaor BS selects the signal lines CSl, CS2, . . . , and 

mounted on a circuit board of a system is to change and erase CSn. Serial data including an address, a command, and data 

data in the built-in flash memory efficiently. To this end, the is supplied to the serial-parallel converter SP from outside 

inventors had hit upon the idea of making improvements to the system and then it is converted into a paraUel data by the 

a circuit board on which a flash memory is to be mounted so converter SP. The parallel data is transferred to the buffer BU 

as to apply data, an address, and a control signal to pins of 55 by way of the signal lines Bl, B2, , . . , and B and then it is 

the circuit board, as shown in FIGS. 8 and 9. buffered in the buffer BU. The bus selector BS is switched 

FIG. 8 shows a block diagram of prior art system having so that the flash memory is electrically connected with a 

a flash- memory chip mounted on a circuit board for device disposed outside of the system. The flash-memory 

changing, erasing and reading out data in the flash memory chip FM2 is isolated from the internal circuits of the system, 

without the use of communications lines, which was devised 60 In this condition, the address and command required for 

by the inventors of the present invention. In the figure, controlling the flash-memory chip FM2 are supplied to the 

reference character FMl denotes a conventional flash- pins of the flash-memory chip FM2 from the buffer BU by 

memory chip mounted on a circuit board in a system. SI, way of the signal lines CSl, CS2, . . . , and CSn and SI, 

S2, . . . , and Sii denote signal lines connected to input'output S2. .... and Sn, respectively, after all the parallel data have 

pins of the flash-memory chip FMl, respectively. BS 65 been buffered in the buffer BU. 

denotes a bus selector for selectively connecting the signal Under normal conditions of the system when data is read 

lines SI, S2, . . . , and Sn to either the CPU or the connector out of the flash-memory chip FMl, the bus selector BS 
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selects the signal lines CPl, CP2, . . . , and CPn. Then, the 
CPU (not shown in the figure) reads out data fiOiLi the 
flash-memory chip FM2 by way of the signal lines SI, 
S2, . . . , and Sn and CPl, CP2, , . . , and CPn. In this case, 
the bus selector BS isolates the flash-memory chip FM2 
from outside the system because it does not select the signal 
lines CSl, CS2, . . . , and CSn. 

In order to alter or erase the contents of such the prior art 
flash-memory chip built in the system, it is necessary to 
dismount the flash-memory chip from a circuit board of the 
system and then mount the memory chip, the contents of 
which has been altered or erased, on the circuit board. 
TherefoTe", Tpfoblem ensues in that it~takes~a long time to 
alter or erase the contents of the prior art flash memory since 
the rewriting and erasing operations are complicated. 

Furthermore, the example of the system shown in FIG. 8 
needs a number of signals lines, the connector and bus 
selecto r,- which are built-on the-circuit boardras-weU-as-the- 
flash-memory chip, in order to change, erase and read out 
data stored in the flash-memory chip. Therefore, another 
problem ensues in that the area of the circuit board with the 
on-board flash memory is increased and hence the size of the 
whole system is increased. Similarly, the example of the 
system shown in FIG. 9 needs the serial-parallel converter 
for converting serial data delivered from outside the circuit 
board to the on-board flash memory into parallel data, a 
number of signal lines, the buff'er, and the bus selector in 
order to change, erase and read out data stored in the 
flash-memory chip. Therefore, the example of FIG. 9 
encounters the same problem that the area of the circuit 
board with the on-board flash memory is increased and 
hence the size of the whole system is undesirably increased. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a one-chip flash-memory device in which a communication 
function, supporting communication between a device dis- 
posed outside a system including the flash-memory chip and 
the flash-memory chip, and a function of controlling 
rewriting, erasing and reading operations for the flash- 
memory chip are disposed together with the flash-memory 
array, and in which new data can be rewritten into the 
flash-memory array or the contents of the flash-memory 
array can be erased by a writing or erasing mechanism 
disposed inside or outside the system without dismounting 
the memory chip from a circuit board, thereby reducing the 
area of the circuit board on which the memory chip is 
mounted. 

In accordance with the present invention, there is pro- 
vided a one -chip flash -memory device comprising a flash- 
memory array, a communications unit for analyzing a serial 
signal applied thereto from outside the device and for 
resolving the serial signal into an address, a command, and 
a data in parallel with each other, and a control unit for 
controlling rewriting, erasing, and reading operations which 
are performed for said flash-memory array in accordance 
with the address, command, and data obtained by the 
communications unit. The electrical wiring and circuits for 
performing rewriting, erasing and reading operations for the 
flash-memory array are arranged in the one-chip flash- 
memory device. 

In operation, the one-chip flash-memory device resolves 
a serial signal applied thereto from outside the device into an 
address, a command and a data, and controls rewriting, 
erasing, and reading operations which are performed for the 
flash-memory array in accordance with the address. 
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command, and data. Therefore, rewriting and erasing opera- 
tions can be perforaieu without dismounting the memory 
chip according to the present invention from a circuit board. 
Additionally, the area of a circuit board on which the 
flash-memory chip according to the present invention is 
mounted can be reduced. 

Preferably, the communications unit comprises a protocol 
analyzer for determining whether or not predetermined 
continuous bits of the serial signal, which the device has 
received from outside the device, correspond to a predeter- 
mined protocol showing the start of communications, and 
for passing the serial signal therethrough if it detects the 
-predetermined- protocol -showing-the^start- of-communica — 
tions in the serial signal. Since the one-chip flash-memory 
device captures the serial signal after it has determined 
whether or not the serial signal includes the protocol show- 
ing the start of communications, the flash-memory chip is all 
that is needed to receive the serial sign al from outside the 
memory chip. 

The communications unit further comprises an input 
register for storing the serial signal passing through the 
protocol analyzer, a command latch for reading out the 
command from the input register in parallel and for storing 
the command, an address latch for reading out the address in 
parallel from the input register and for storing the address, 
and a data latch for reading out the data from the input 
register in parallel and for storing the data, and wherein the 
control unit comprises a timing generator, in accordance 
with a clock signal and the command stored in the command 
latch, for generating a control signal to control an output 
timing of the address and data latches for a rewriting or 
erasing operation, a rewrite and erase timer and control 
circuit, responsive to the control signal from the timing 
generator, for applying control signals including a rewrite 
enable signal to the flash -memory array, and a rewrite and 
erase pulse generator for applying a rewrite or erase pulse to 
the flash-memory array under a control of the rewrite and 
erase timer and control circuit. Afl:er the one-chip flash- 
memory device has resolved a serial signal applied thereto 
from outside the device into an address, a command and a 
data in parallel with each other, the device latches them 
respectively and the timing generator controls the latch 
circuits, rewrite and erase control circuit and rewrite and 
erase pulse generator for a rewriting or erasing operation. 
Therefore, the flash-memory chip is all that is needed to 
perform a rewriting or erasing operation based on a serial 
signal applied thereto from outside the memory chip. 
Additionally, no serial-parallel converter or the like needs to 
be disposed on a circuit board together with the flash- 
memory chip of the present invention. 

Preferably, the one-chip flash-memory device further 
comprises a sense amplifier circuit for amplifying parallel 
data read out the flash-memory array, an output register for 
storing the parallel data output by the sense amplifier circuit, 
and an output circuit for sending out the data stored in the 
output register serially in response to a reading command 
generated by the control unit. Therefore, data read out of the 
flash-memory array can be delivered serially to outside the 
one-chip flash -memory device. 

The one-chip flash-memory device further comprises a 
bus selector, responsive to a selection signal applied thereto, 
for selectively routing data read out of the output circuit to 
either a system including the one-chip flash memory device 
or outside the system. Furthermore, since the bus selector 
selectively routes data read out of the output circuit to either 
a system including the one-chip flash memory device or 
outside the system, the one-chip flash-memory device selec- 
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lively can deliver data to either inside the systenj in which function according to the first embodiment of the present 

the memory chip is located or outside the system. invention, in the figure, reference numeral 1 denotes a clock 

Preferably, the communicatioDS unit further comprises a j^P^* which a clock signal which serves as a basis, 

clock input pin for receiving a clock signal as a basis of the i*® ' ^ pacemaker of the memory device, is applied. Refer- 
one-chip flash-memory device, an external serial signal 5 cnce numeral 2 denotes a clock generator for generating 

input pin for receiving a serial signal from outside the another clock signal which is to be used within the memory 

system, an internal serial signal input pin for receiving a ^^^P ^° accordance with the clock signal input through the 

serial signal from the system, an external serial signal output ^^^^^ i°P^^ P^^ 1* ^ denotes a reset input pin through which 

pin for delivering a serial signal to outside the system by ^ ^^^^ ^^^nal for resetting the memory chip is input into the 
way of the bus selector, and an internal serial signal output lo memory chip, and 4 denotes a serial signal input pin through 

pin for delivering a serial si^al to the system by way of the ^^^^^^ a serial signal including an address, a command, and 

bus selector. Therefore, a serial signal can be input or output ^^^^ delivered from outside a system, such as a copier or the 

"into oTfrdm the"syste"m; like^in which the one=chip flash ^emory device is disposedp 

Preferably, the communications unit fiirther comprises a ^ T' ^\ ^^^T' ^^^^"^""^^ ^ 

clock input pin for receiving a clock signal as a basfe of the protocol analyzer for determmtng whether or not 

one-chip flash-memory device, an external serial signal P^determmed conUnuous bite of Uie received serial signal 

input pin for receiving a serial signal from outside the ^""^^"''d ^ » predetermined protocol showing the start of 

-SJ^m^aIri^tema^seria^-signulm^lrpilrforTeceivi^g-a P-0™uaicaUon^m_Qrdcj^^^^^^ 

parallel signal from the system, an external serial signal ""'t / k f .k ^ T ' 

output pin for delivering a serial signal to outside the system ^° between the system mchidmg the one-chip flash- 

by way of the bus selector, and an internal serial signal ""^-^oo; chip of thjs embodiment and a device disposed 

output pin for delivering a parallel signal to the system by °)i'^>de t^^ ^ . ^".T. ? f P^!. T , 

way of the bus selector TTiereforc, a iaiallel signkl can be J""'^. therethrough if it detects the predetermined protocol 

;«f« f,^«, showing the start of communications in the senal signal, 

input or output into or trom the system, r-^i. r i^j. 

'I f. 25 Furthermore, reference numeral 6 denotes an input register 

Further objects and advantages of the present invention converting the serial signal passing through the protocol 

will be apparent &om ti^e following description of the ^^^^^^^ 5 ^^^^ ^ corresponding parallel signal and for 

preferred embodiments of the invention as lUustrated m the storing the parallel signal, 7 denotes a command latch for 

accompanying drawmgs. ^^^^^^ command from the input register 6 in parallel 

RRTFF nPSPRTPTTOM OF THF AWTMHS latching the command, 8 denotes a tuning generator 

BRIEF DESCRIPTION OF THE DRAWINGS generating a timing signal to control timmg between the 

FIG. 1 is a block diagram of a one-chip flash-memory circuits disposed in the chip, 9 denotes an internal serial 

device with a communications function according to a first signal input pin for receiving a serial si^al from inside the 

embodiment of the present invention; system, 10 denotes a data latch for reading out the parallel 

FIGS. 2(0), 2(b\ and 2(c) are time charts for showing ^5 signal from the input register 6 and for latching tiie parallel 

examples of serial signals applied to the external serial ^^S^^' 11 denotes an address latch and decoder for reading 

signal input pin in the one-chip flash-memory device of HO. f ^}^^ ^^^^ff 1° P^^^Hel from the input register 6 and for 

J. latching and decoding the address, and 12 denotes a flash- 

' , . t r memory array for storing data. Reference numeral 14 

FIG 3 ,s a block diagram showmg an example of the ^^^^^^^ ^ ^^^^ ^^^^^^j ^^^.^ 

protocol analyzer m the one-chip flash-memory device of controlling rewriting or erasing timing in response to the 

■ ' command timed by the timing generator 8, 15 denotes a 

HG. 4 is a block diagram showing an example of the input ready/busy pin through which a signal informing that the 

register in the one-chip flash-memory device of FIG. 1; chip is ready or busy is deUvered outside of the device, 16 

FIG. 5 is a flow diagram showing the operation of the 45 denotes a rewrite and erase pulse generator for generating a 

protocol analyzer shown in FIG. 3; rewrite or erase pulse, 17 denotes a sense amplifier circuit 

FIG. 6 is a flow diagram showing the operation of the for amplifying a small signal current generated by the 

input register shown in FIG. 4; flash-memory array 12, 18 denotes an output register for 

FIG, 7 is a block diagram of one-chip flash-memory converting the paraflel signal output by the sense amplifier 

device according to a second embodiment of the present circmt 17 into a conresponding senal signal, 19 denotes an 

invention" output circuit for sending out the serial signal in response to 

™^ o'-iiii' i- * . . t- ^ timing signal generated by the timing generator 8, 20 

rIG. 8 IS a block diagram of a pnor art system havmg a j + \7 • * ** 1 \t h j . 

... L jiri-. denotes a Vcc power pm with the potential Vcc, 21 denotes 

flash-memory chip mounted on a circuit board for changing, ^ ^^^j^ 22 denotes an 

erasing and reading out data iQ the flash memory without .^^^^ ^. ^ deUvering the serial 

use of communications hnes, which was devised by the ^. ^-^^ ^ ^^^^^^ ^^^^^j ^^^^ 

inventors 01 the present invention; and • i ^ * ■ r j i- ' *u ■ i • i * -j .u 

^ * signal output pin for delivering the senal signal outside the 

FIG. 9 is a block diagram of another system having a system, 24 denotes a bus selector for selectively connecting 

flash-memory chip mounted on a circuit board for changing, the output of the output circuit 19 with either the internal 

erasing and reading out data in the flash memory without the serial signal output pin 22 or the external serial signal output 

use of communications lines, which was devised by the pin 23, and 25 denotes a bus selector control input pin 

inventors of the present invention. through which a control signal is applied for controUing the 

DETAILED DESCRIPTION OF THE f fl ' ^»\^^.^«^P°^^°^ ^^^^^'^ *he 

PUFRPPPPn T.A^por.TA4Pxrrc one-chip flash-memory device. 

65 Referring now to FIGS. 2(a), 2(fc), and 2(c), they are time 

Referring now to FIG. 1, it illustrates a block diagram of charts showing examples of serial signal appMed to the 

a one -chip flash-memory device with a communications external serial signal input pin 4 when new data is written 
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into the flash-Tneniory array 12, the contents of the flash 
memory is erased, and data is read out of the flash memory, 
respectively. In these figures, a protocol indicating the start 
of communications is designated by a set of reference 
characters PI, ... , and Pn, a command is designated by a s 
set of reference characters CI, ... , and Cx, an address is 
designated by a set of reference characters Al, . . . , and Ay, 
and data is designated by a set of reference characters 
Dl, . . . , and Dz. As shown in FIG. 2(a\ the protocol 
indicating the start of communications, a command, an 
address, and data are input in sequence when writing a new 
data into the flash memory. As shown in FIG. 2(b), the 
protocol indicating the~start~of communications" and" a 
command, but not addresses and data, are input in sequence 
because all the addresses are erased by one operation when ^5 
erasing the contents of the flash memory. As shown in FIG. 
2(c), the protocol indicating the start of communications, a 

command;^nd-an address^ but- not data are input-in^sequence 

when reading out data from the flash memory. 

FIG. 3 is a block diagram showing an example of the 20 
protocol analyzer 5 shown in FIG. 1, In the figure, reference 
numeral 31 denotes a protocol flag analyzer for determining 
whether a protocol flag 32, which is set to the on state when 
the one-chip flash-memory device receives the protocol 
indicating the start of communications, is in the on or off 25 
state and for passing an external serial signal delivered from 
outside the system if the protocol flag is in the on state, 33 
denotes a protocol register for storing the external serial 
signal if the protocol flag is in the on state, and 34 denotes 
a protocol comparator for setting the protocol flag 32 to the 30 
on state when the serial signal stored in the protocol register 
33 is equivalent to the predetermined pattern of the protocol 
indicating the start of communications. Upon setting the 
protocol flag 32 to the on state, the protocol comparator 34 
erases the contents of the protocol register 33 and resets the 35 
counter 41, which will be described with reference to FIG. 
4, disposed in the input register 6. 

FIG. 4 is a block diagram showing an example of the input 
register 6 shown in FIG. 1. In the figure, reference numeral 
41 denotes a counter which counts bit by bit the number of 40 
bits of the external serial signal passing through the protocol 
flag analyzer 31 shown in FIG. 3 and which is reset when the 
protocol comparator 34 shown m FIG. 3 determines that the 
device has received the protocol showing the start of 
communications, 42 denotes a command register for storing 45 
the external serial signal serially when the count value C is 
greater than 0 and smaller than or equal to a predetermined 
number x, 43 denotes a counter for enabling parallel output 
of the command register 42 when the number of bits of a 
data input into the command register 42 reaches the prede- 50 
termined number x, 44 denotes an address register for 
storing the external serial signal serially when the count 
value C is greater than the predetermined number x and 
smaller than or equal to a predetermined number (x+y), 45 
denotes a counter for enabling the parallel output of the 55 
address register 44 when the number of bits of a data input 
into the address register 44 reaches predetermined number y, 
46 denotes a data register for storing the external serial 
signal serially when the count value C is greater than the 
predetermined number (x+y) and smaller than or equal to a eo 
predetermined number (x+y+z), and 47 denotes a counter for 
enabling paraUel output of the data register 46 and for 
resetting the protocol flag shown in FIG. 3 when the number 
of bits of data input into the data register 46 re. aches a 
predetermined number z. 65 

Next, the description will be directed to the operation of 
the device of this embodiment. FIG. 5 is a flow diagram 



showing the operation of the protocol analyzer 5 shown in 
FIG. 3, and FIG. 6 is a flow diagram showing the operation 
of the input register 6 shown in FIG. 4. First, the operation 
of rewriting the contents of the flash-memory array 12 using 
the communications line connected between the one-chip 
flash-memory device and the system including the device 
will be explained. When a serial signal as shown in FIG. 2{a) 
is input into the external serial signal input pin 4 from 
outside the system for rewriting data into the flash memory, 
the protocol flag analyzer 31 in the protocol analyzer 5, in 
step ST 52, checks the protocol flag as the protocol analyzer 
5 reads each bit of a binary data signal such as a protocol, 
data^^or-the like-applied4hereto-in step-STSl. If.the protocol _ 
flag is not in the on state, the protocol analyzer 5, in step 
ST53, stores the bit of the binary data, which the analyzer 
has received in step ST51, in the protocol register 33. Then, 
the protocol analyzer 5 advances to step ST54 wherein it 
determines whether or not the contents of the protocol 
Tegister"33 arrequivalenttothe predeterirrined^attern ofthe- 
protocol indicating the start of communications. Then, the 
protocol analyzer 5 returns to step ST51 wherein it reads out 
the next bit of the binary data unless it detects the protocol 
indicating the start of communications. In the latter case, the 
protocol analyzer 5 advances to step ST55 where it sets the 
protocol flag to the on state, erases the contents of the 
protocol register 33, resets the counter 41 shown in FIG. 4, 
and returns to step ST51 in preparation for receiving the next 
protocol indicating the start of communications if it deter- 
mines that the binary data corresponds to the protocol 
indicating the start of communications. In performing step 
ST52, if the protocol flag is in the on state, the binary data 
input into the one-chip flash-memory device is passed 
through the protocol analyzer 5 and then is further input into 
the input register 6. 

As shown in FIG. 6, the one-chip flash-memory device, in 
step ST61, determines which category, i.e., command, 
address, or signal, the external serial data passing through 
the protocol flag analyzer 31 of FIG. 3 belongs to. The 
determination is made on the basis of the count value C 
obtained by the counter 41. The counter 41 counts bit by bit 
the number of bits of the external serial signal. If the count 
value C is greater than 0 and smaller than or equal to the 
predetermined value x, the one-chip flash-memory device 
determines that the external serial signal is a command and, 
in step ST62, stores the external serial signal in the com- 
mand register 42. If the count value C is greater than the 
value x and smaller than or equal to the predetermined value 
(x+y), the device determines that the external serial signal is 
an address and, in step ST65, stores the external serial signal 
in the address register 44. If the count value C is greater than 
the value (x+y) and smaller than or equal to the predeter- 
mined value (x+y+z), the device determines that the external 
serial data is signal and, in step ST68, stores the external 
serial signal in the data register 46. 

The counter 43, in step ST63, counts the number of bits 
of the command which is being stored in the command 
register 42, and, in step ST64, delivers a signal for enabling 
the command register 42 to output its contents in parallel to 
the command latch 7 when the counter 43 reaches the count 
value X. 

The counter 45, in step ST66, counts the number of bits 
of the address which is being stored in the address register 
44, and, in step ST67, delivers a signal for enabUng the 
address register 44 to output its contents in parallel to the 
address latch and decoder 11 when the counter 45 reaches 
the count value y. 

The counter 47, in step ST69, counts the number of bits 
of the data which is being stored in the data register 46, and, 
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in siep ST70, delivers a signal for enabling the data register ly/er 5 is the same as in the aforementioned rewriting 

46 to output its contents in parallel to the data latch 10 when operation, duplicate description will be omitted. In the input 

the counter 47 reaches the count value z. The one-chip register 6, the serial signal is stored only in the command 

flash-memory device advances to step ST71 wherein it sets register 42 and address register 44 shown in FIG. 4, whereas 

the protocol flag 32 shown m FIG. 3 to the on state when the s no daU is stored in the data register 46. Therefore, the 

e^c.^ ^r'u '^^'"^ command latch 7 of FIG. 1 latches the command and the 

step ST51 wherein it receives the next bit of the external .^dress latch and decoder 11 latches the address, whereas 

serial data. Thus the command, address and data are stored ^ata latch 10 remains empty. The timing generator 8 

m the command latch 7, address latch and decoder 11, and receives a basic clock from the clock generator 2 and the 

data latch 10, respecUvely. command from the command latch 7 and then controls the 

Tlie remainder of the rcwnting operation is similar to that output timing of the command latch 7 and address latch and 

-for the-pnor-art.flash.memory_mentioned above,_and theLe- decoderll. When the_addrcssisappliedio_the flash-memory 

fore detailed description of the operation wiU be omitted. anay 12, corresponding data is read out of th^a^-n^^m'^ 

Briefly, the timmg generator 8 receives a basic clock from anay 12. Then, the data is ampUfied by the sense amplifier 

the clock generator 2 and the command from the command 15 circuit 17 and is passed through the output register 18, 

latch 7 and controls the output timmg of the command latch output circuit 19, and bus selector 24. Finally, the data is 

T^^addressjatch^ a nd decode r 11, and data latch 10. read out of the one-chip flash-memory device through the 
Furthennorc, the timing generator 8-deliv6rs a contral signal— second senal-siparoutput-pin-23-ancMhen-is-delivered 

which corresponds to the command to the rewrite and erase outside of the system. During this reading operation, the 

timer and control circuit 14. The rewnte and erase timer and 20 rewrite and erase timer and control circuit 14 and rewrite and 

control circuit 14 sends out control signals such as a rewrite erase pulse generator 16 arc not activated. 

enable signal generated under a needed timing control and \uu^^ *k- ^.,^t^^ ■ i a- iu a u u- 

*u 11 r *u a u -1-1 • i xt. When the system including the flash-memory chip pro- 

the like to the flash-memory array 12 in response to the m +1, a u j • -.l - 1 ■ w • 

, 1 . , .ju *u ** ■ * o J .i_ videstheflash-memory device with a serial signal to rewrite 

control signal generated by the timing generator 8, and then j *u a ,.1 JL . . r.i_ £i l 

*u • fi.* * *!. „ ^ 1 . data into the flash memory or erase the contents of the flash 

the cu-cuit 14 activates the rewnte and erase pulse generator 9« ti,^ • 1 - 1 - j- .1 - * * ■ 

1^ -Tn- •* J 1 . 1' L' . memory, the senal signal is directly mput to the input 

1« The rewnte and erase pulse generator 16 applies high agister 6 by way of the internal serial signal input pin 9, not 

voltages required for the rewrrtmg operaUon to all the eells ^ the protocol analyzer 5. Sinc« L remainder o the 

of the flash;^emory array 12 in response to the start ^^^^ ^/^^^ J^^^ ^ 

instruction. Then, an address is delivered to the flash- ^.o/^f ; « • i • i u r *u * i 

jj , the case oi receivmg a senal signal by way of the external 

memory anay 12 from the address latch and decoder U 30 _ ^-i^- • 1 . ■ 11 ; ^* * .L 

J *u * 1 ^ *u • 40 ^ .1. . serial signal mput pin 4 electncaUy connected to outside the 

under the control of the timing generator 8, and after that k„ «f • i- j i- * 

, ^ . , ,. .u J * r* J system by way of the communications line, duplicate 

data IS delivered from the data latch 10 and then is rewntten -^^^ 

T .L- description will be omitted, 
into the flash-memory array 12. In this manner, the rewritmg 

operation is completed. system including the flash-memory chip reads 

Next, the description will be directed to the erasing 35 ^^ut a serial signal from the one-chip flash-memory device 

operation by use of the communications Hne. When the ^^f '^f "'"^^.f^Pu"" ^T^^l f ' 

contents of the flash-memory anay are erased, a serial signal f^l^^^ the bus selector 24 to the bus selector pm 

as shown in FIG. 2(b) is applied to the one-chip flash- 25 Smce the remainder of the reading operation m this case 

memory device from outside the system including the ^ of reading out a senal signal 

device. The serial signal includes no address sinc^ the 40 P^^^^^ ^^t*^^ external senal signal output pin electncally 

contents of the flash-memory array 12 at all the addresses are f ""^^ted to outside the system by way of flie communica. 

erased in one operation. Since the operation of the protocol ^^P^^^^^" description will be omitted, 

analyzer 5 is the same as in the aforementioned rewriting Refenrmg now to FIG. 7, it lUustrates a block diagram of 

operation, dupUcate description wiU be omitted. In the input one-chip flash-memory device according lo a second 

register 6, the serial signal is stored in only the command 45 embodiment of the present invention. In the figure, like 

register 42 shown in FIG. 4, whereas no data is stored in the elements are designated by the same reference numerals as 

address register 44 and data register 46. Therefore, only the 1- Therefore, duplicate description of the same 

command latch 7 of FIG. 1 latches the command, whereas elements wiU be omitted. The differences between the first 

the address latch and decoder 11 and data latch 10 remain embodiment of FIG. 1 and the second embodiment of FIG. 

empty. Since flie remainder of the operaUon of the input 50 ^ ^^t the one-chip flash-memory device of FIG, 7 is 

register 6 is the same as in the aforementioned rewriting adapted to receive a parallel signal from inside the system 

operation, duplicate description wUl be omitted. including the device and deliver a paraflel signal to inside 

Next, the description wfll be directed to the operation of ^y^^^^' '^^ reference numeral 9a denotes an 

getting access to data stored in the flash-memory anay 12 mternal parallel signal mput pm, 22a denotes an internal 

from outside the system including the one-chip flash- 55 Parallel signal output pin, and 26 denotes an internal parallel 

memory device, using the communications line. In this case, address input pin. 

a selection signal is input into the one-chip flash-memory Next, the description wfll be directed to the operation of 
device through the bus selection input pin 25 in order to ^^e one-chip flash-memory device of the second embodi- 
connect the output of the bus selector 24 with the external mcnl The rewriting, erasing, and reading operations for a 
serial data output pin 23 for delivering a serial signal outside 60 serial signal input through the external serial signal input pin 
of the system including the flash-memory chip. Then, a 4 arc the same as in the first embodiment, and therefore 
serial signal is input into the flash-memory chip through the duplicate description wiU be omitted, 
external serial signal input pin 4. The serial signal is When a parallel signal is input into the one-chip flash- 
composed of the protocol shuwing the start of mcmor>' device by way of the internal parallel signal input 
communications, a command and an address, as shown in 65 pins 9a to rewrite the data into the flash-memory or erase the 
FIG. 2(c). It is a matter of course that the serial signal contents of the flash-memory, the paraflel signal is input into 
includes no data. Since the operation of the protocol ana- the input register 6 in parallel. A plurality of bits, e.g., x bits 
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ai the high end of the parallel signal is a ccmniand and a 
plurality of bits, e.g., z bits at the low end of the parallel 
signal are data. The x-bit command at the high end of the 
parallel signal is delivered to the command latch 7, and the 
z-bit data at the low end of the parallel data is delivered to 5 
the signal register 10. On the other hand, y-bit parallel 
address signals are input into the internal parallel address 
input pins 26 and then arc latched in the address latch and 
decoder 11. The remainder of the rewriting or erasing 
operation is the same as in the first embodiment, and 10 
therefore duplicate description will be omitted. 

~ WKen^e^stem i[icltiding"the"flash-memory chip reads 

out a parallel data by way of the internal parallel signal 
output pins 22a, the system only applies a selection signal to 
select the parallel signal output of the bus selector 24 to the 15 
bus selector pin 25 so that the memory chip outputs the 
parallel-signal-by -wa^y- of-theJnt£maLp_aTallgl_signal output 
pins 22a. 

As previously mentioned, the present invention offers the 
following advantageous effects. ^'^ 

The one -chip flash-memory device resolves a serial signal 
applied thereto from outside the device into an address, a 
command and data, and controls rewriting, erasing, and 
reading operations which are performed for the flash- 
memory array in accordance with the address, command, 
and data. Furthermore, the electrical wiring and circuits for 
performing rewriting, erasing and reading operations are 
arranged in the one-chip flash -memory device. Therefore, 
rewriting and erasing operations can be performed without 
dismounting the memory chip according to the present 
invention from a circuit board. Additionally, the area of a 
circuit board on which the flash-memory cfciip according to 
the present invention is mounted can be reduced. 

Furthermore, since the one-chip flash-memory device 
captures a serial signal after it has determined whether or not 
the serial signal includes the protocol showing the start of 
communications, the flash-memory chip according to the 
present invention is all that is needed to receive a serial 
signal from outside the memory chip. 

After the one-chip flash-memory device has resolved a 
serial signal applied thereto from outside the device into an 
address, a command and data in parallel with each other, the 
device latches them respectively and the timing generator 
controls the latch circuits, rewrite and erase control circuit, 45 
and rewrite and erase pulse generator for a rewriting or 
erasing operation. Therefore, the flash-memory chip accord- 
ing to the present invention is all that is needed to perform 
a rewriting or erasing operation based on a serial signal 
applied thereto from outside the memory chip. Additionally, 
no serial-parallel converter or the like needs to be disposed 
on a circuit board together with the flash-memory chip of the 
present invention. 

Since the one-chip flash-memory device further com- 
prises a sense amplifier circuit, output register for storing an 55 
output data amplified by the sense amplifier, and output 
circuit for serially outputting the data stored in the output 
register, data read out of the flash-memory array can be 
delivered outside the one -chip flash-memory device. 

Furthermore, since the bus selector selectively routes a go 
data read out of the output circuit to either a system 
including the one -chip flash memory device or outside the 
system, the one-chip flash-memory device can selectively 
deliver data to either inside the system la which the memory 
chip is located or outside the system. 65 

Since the one -chip flash-memory device comprises a 
internal serial signal input pin for receiving a serial signal 



and an internal serial signal output pin for delivering a serial 
signal to inside the system, a serial signal can be input or 
output intu or from the system. 

Since the one-chip flash-memory device comprises an 
internal parallel signal input pin for receiving a parallel 
signal and internal parallel signal output pin for delivering a 
parallel signal inside the system, a parallel signal can be 
input or output into or from the system. 

Many widely different embodiments of the present inven- 
tion may be constmcted without departing from the spirit 
and scope of the present invention. It should be understood 
_that_ the preserUjnven^ is not limited to the specific 
embodiments described in the~specificTtibn^excepT"as" 
defined in the appended claims. 

What is claimed is: 

1. A one-chip flash-memory device comprising: 
a flash-memory array; 



communication me^ans^foi^analyzing-a-serial-signai 
applied to said communication means from outside said 
device and for resolving the serial signal into an 
address, a command, and data in parallel with each 
other; 

control means for controlling rewriting, erasing, and 
reading operations of said flash-memory array in accor- 
dance with the address, the command, and the data 
resolved by said communications means; 

a sense amplifier circuit for amplifying the data read out 
from said flash-memory array; 

an output register for storing the data output by said sense 
amplifier circuit; 

an output circuit for outputting the data stored in said 
output register serially in response to a read command 
produced by said control means; and 

a bus selector, responsive to a selection signal applied to 
said bus selector, for selectively routing the data output 
from said output circuit to a system including said 
one-chip flash-memory device or outside of the system 
including said one-chip flash-memory device, said 
communications means comprising a clock input pin 
for receiving a clock signal, an external serial signal 
input pin for receiving the serial signal from outside the 
system, an internal serial signal input pin for receiving 
a parallel signal from within the system, an external 
serial signal output pin for defivering a serial signal 
outside the system through said bus selector, and an 
internal serial signal output pin for delivering a parallel 
signal to the system through said bus selector. 

2. A one-chip flash-memory device comprising: 

a flash-memory array; 

communication means for analyzing a serial signal 
applied to said communication means from outside said 
device and for resolving the serial signal into an 
address, a command, and data in parallel with each 
other; 

control means for controlling rewriting, erasing, and 
reading operations of said flash-memory array in accor- 
dance with the address, the command, and the data 
resolved by said communications means; 

a protocol analyzer for determining whether a series of 
bits of the serial signal correspond to a protocol indi- 
cating initiation of communications and for passing the 
serial signal if said protocol analyzer detects the pro- 
tocol indicating iniiiation of communications in the 
serial signal; 

a sense amplifier circuit for amplifying the data read out 
from said flash- memory array; 
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an Output register for storing the data output by said sense 
amplifier circuit; 

an output circuit for outputting the data stored in said 
output register serially in response to a read commaad 
produced by said control means; and 5 

a bus selector, responsive to a selection signal applied to 
said bus selector, for selectively routing the data output 
from said output circuit to cither a system including 
said one -chip flash-memory device or outside of the 
system including said one-chip flash-memory device, 
_ said communications means comprising a clock input 
pin for receiviiig a~cloclcsignal7an external'serial signal- — 
input pin for receiving the serial signal from outside the 
system, an internal serial signal input pin for receiving 
a parallel signal from within the system, an external 
serial signal output pin for delivering a serial signal 

-outsidc-the-systcm-through-said-bus-selcctor,_and^an 

interaal serial signal output pin for delivering a parallel 
signal to the system through said bus selector. 

3. A one-chip flash-memory device comprising: 

a flash-memory array; 

communication means for analyzing a serial signal 
applied to said communication means from outside said 
device and for resolving the serial signal into an 25 
address, a command, and data in parallel with each 
other; 

control means for controlling rewriting, erasing, and 
reading operations of said flash-memory array in accor- 
dance with the address, the command, and the data 30 
resolved by said communications means; 

a protocol analyzer for determining whether a series of 
bits of the serial signal correspond to a protocol indi- 
cating initiation of communications and for passing the 
serial signal if said protocol analyzer detects the pro- 
tocol indicating initiation of communications in the 
serial signal, 

said communication means comprising: 

an input register for storing a serial signal passed by 
said protocol analyzer, 



a command latch for reading the command from said 
input register in parallel and for storing the 
command, 

an address latch for reading the address in parallel from 

said input register and for storing the address, 
a data latch for reading the data from said input register 
in parallel and for storing the data, and 
said control means comprising: 

a timing generator for generating a first control signal, 
in accordance with a clock signal and the command 
stored in said command latch, for controlling outputs 
from ~said~addfess~latch~and~said~data~ latch-for- 
rewriting or erasing of said flash-memory array, 
a rewrite and erase timer and control circuit, responsive 
to the first control signal from said timing generator, 
for applying second control signals including a 
rewrite enable signal to said flash-memory array,-and 
a rewrite and erase pulse generator controlled by said 
rewrite and erase timer and said control circuit, for 
applying a rewrite or erase pulse to said flash- 
memory array, and 
a bus selector, responsive to a selection signal applied to a 
selection signal applied to said bus selector, for selectively 
routing the data output from said output circuit to either a 
system including said one-chip flash-memory device or 
outside of the system including said one -chip flash-memory 
device, said communications means further comprising: 

a clock input pin for receiving a clock signal, 
an external serial signal input pin for receiving the serial 

signal from outside the system, 
an internal serial signal input pin for receiving a parallel 

signal from within the system, 
an external serial signal output pin for delivering a serial 
signal outside the system through said bus selector, and 
an interaal serial signal output pin for delivering a parallel 
signal to the system through said bus selector. 
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